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Abstract 
The paper studied the stress-strain state of the discharge antivibration pipe of the flexible joint of piping systems from the 
effects of overpressure. The estimation of the distribution of contact forces and stresses in the fastening elements of the pipe 
shell and contact areas with metal flanges has been carried out. Newmark method was used in solving problems with geometric 
nonlinearity. 
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1. Introduction 
Antivibration pipes based on the reinforced composite shells are designed to be installed in piping systems as a 
flexible joint to compensate deformations occurring in the pipes and to reduce the level of vibration transmitted 
through them. Depending on the acting loads the antivibration pipes are divided into pressure-suction (suction and 
discharge of working liquids - operation under vacuum and excess pressure in the shank bore of the pipe) and 
discharge (to pump the working fluids - operation under excessive pressure). 
The aim of this work is to study and analyze the discharge pipe stress-deformed state of the piping system 
antivibration flexible joint from the excessive pressure effects. 
The purpose of the study is: 
- to determine the stress-strain state of the composite shell and the metal flanges of the pipe; 
- to assess the distribution of contact forces and stresses in the fastening elements of the pipe shell and contact 
areas with metal flanges. 
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2. Study subject 
The object of this study is a discharge antivibration pipe (Fig.1) with fastening elements (colors denote areas 







Fig.1. The scheme of a discharge anivibration pipe with fastening elements (colors denote areas with different properties of the material used). 
The initial data of the examined design of the discharge antivibration pipe as follows: 
Metal flanges steel: Е=2.1E5 MPa; μ=0.3 
A sealing layer rubber: Е=5.0 MPa; μ=0.4999 
A coat layer rubber: Е=5.0 MPa; μ=0.4999 
Rubber cord layer Еx=1.123E9; Еy,z=1.44E8 
μxy,xz=0.048; μyz=0.586 
Gxy,xz=7.0E7; Gyz=4.54E7 
The pressure of the working environment  1.0 MPa 
Nominal diameter of the pipe 100 mm 
 
3. Methods 
Nowadays to solve the problems in mechanics numerical methods are used more often as they allow extending 
the scope of solved problems largely. These methods are effective in the study of structures with complex 
geometry and made from materials having nonlinear physical properties. Among these structures anti-vibration 
discharge pipes are investigated.  
The problem of stress-strain state calculation of antivibration discharge pipes is achieved in axisymmetric 
setting using finite elements that support this option.  
The study includes an option of large deformation consideration, as well as considering nonlinear geometry that 
is necessary in connection with the use of hyper elastic properties of rubber. The load is linearly increased from 
zero to a maximum value at each step of solving the problem. 
The use of a numerical method leads to obtaining a system of equations. At the same time, if some 
displacements are considered as unknown, the system of equations describing the structure equilibrium can be 
written as [1]: 
> @^ ` ^ ` 0aK u F     (1) 
To solve the problems with large geometric nonlinearity considering the boundary conditions of a special kind 
there can be applied a method, according to which the static equation of  form (1) is replaced with the dynamic 
equations, where system (2) is included as a term corresponding to unbalanced load. The obtained system of 
differential equations takes the form [1]: 
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 > @^ ` > @^ ` > @^ ` ^ `aM u C u K u F   ,  (2) 
where [M] is a mass matrix; [C] is a matrix of damping coefficients; [K] is a matrix of elastic constants; 
^ `u  is a vector of nodal accelerations; ^ `u  is a vector of nodal velocities; {u} is a  vector of nodal 
displacements; 
{Fa} is a vector of applied loads. 
In solving the problem Newmark method with the integration of time was used, which involves finite-difference 
decomposition into intervals Δt which are assumed true to the following conditions [2]: 
^ ` ^ `  ^ ` ^ `1 11n n n nu u u u tG G ª º    '¬ ¼    (3) 
^ ` ^ ` ^ ` ^ ` ^ ` 21 11. 2n n n n nu u u t u u tD D 
ª º§ ·  '    '¨ ¸« »© ¹¬ ¼
,   (4) 
where α, δ are the parameters of Newmark integration; Δt = tn+1 - tn; 
{un} is a vector of nodal displacements at time tn; ^ `nu  is a vector of nodal velocities at time tn ; ^ `nu  is a vector of nodal accelerations at time tn; {un+1} is vector of nodal displacements at time tn+1; ^ `1nu   is a  vector of nodal velocities at time tn+1; ^ `1nu  is a vector of nodal accelerations at time tn+1. 
As the main objective is to calculate displacement {un+1}, equation (1) is calculated at time tn+1 as 
> @^ ` > @^ ` > @^ ` ^ `1 1 1 an n nM u C u K u F     
  
 (5) 
Displacement at time tn+1 can be written as follows 
^ ` ^ ` ^ `  ^ ` ^ `1 0 1 2 3n n n n nu a u u a u a u      . (6) 
^ ` ^ ` ^ ` ^ `1 6 7 1n n n nu u a u a u   
.


























  ' '
  '
' § ·   ¨ ¸© ¹
 '   '
  (8) 
Transforming equations (5), (6) into equation (4) we obtain: 
> @ > @ > @ ^ ` ^ ` > @ ^ ` ^ ` ^ ` 
> @ ^ ` ^ ` ^ ` 
0 1 1 0 2 3
1 4 5
a
n n n n
n n n
a M a C K u F M a u a u a u
C a u a u a u
      
  
 (9) 
After determining {un+1} we calculate ^ `1nu   and ^ `1nu   from equations (5), (6). 
Solutions of (2), (3) and (4) are stable under the following conditions: 
254   V.G. Tsyss and M.Yu. Sergaeva  /  Procedia Engineering  152 ( 2016 )  251 – 257 
2
1 1 1 1
, , 0
4 2 2 2
D G G G D§ ·t  t   !¨ ¸© ¹
  (10) 
 
Newmark integration parameters are defined as follows:  
  21 11 ,
4 2
D J G Jt    ,  (11) 
where γ is amplitude of decomposition which is equal to 0.005 [2]. 
When conducting investigations of stress-strain state of the discharge pipe it was assumed that it is of 
rotationally symmetric design. Simulating composite shells is made with flat elements PLANE 42 in axisymmetric 
setting [3, 4]. PLANE 42 element is used to simulate solid-state elements. The element may be used both as flat 
and as axisymmetric. The element is defined with four nodes having two degrees of freedom (displacement along 
the axes X, Y). The element supports the calculation of large displacements and the elements axes correspond to 
the materials orthotropy. 
The element CONTA172 for simulating two-dimensional problems with 3-node contact elements is used to 
calculate the contact and friction between the target (TARGE169) and deformable surfaces. The element 
TARGE169 is to simulate a variety of two-dimensional surfaces associated with surfaces represented with 
CONTA172 element. The contact elements are superimposed on the top of the solid-state elements and they 
describe the boundary conditions between deformable bodies which are potentially in contact. The interaction 
between the elements is achieved with assigning the same numbers for the real variables. Half of the pipe was 
simulated as its design is symmetrical. Dividing the structure was carried out on the four-nods finite elements of 
PLANE42 type [5]. 
 The figure (Fig. 2) shows the finite-element model of the pipe with the enclosed boundary conditions and 
loads. The model is applied with loads from internal overpressure and limitations on displacement corresponding 
to fastening of the metal flange. One shows on the left a part of the simulated shell with applied limitations 
corresponding to condition of the pipe symmetry, and on the right there is a part of the model with applied terms of 
the linked displacements. Furthermore, using contact elements interaction between different layers of the shell was 
simulated on the elements simulating adjacent layers of the shell which are in contact and the latter is not 
disturbed. There is a condition on the surface between the flange and the shell that in the initial time the elements 
are in contact, but the gap may occur. It was also a condition imposed of the linked displacement of the units for 
the purpose of approximation of the simulated design to real. 
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а)  b)   c)   




Fig. 2. Finite-element model of the pipe with applied boundary conditions and loads: а) area simulating combining the shell and a flange; b) a 
part of the shell with boundary conditions of symmetry; c) a part of the shell with applied linked displacement. 
4. Results and discussion 
The study results of the discharge antivibration pipe stress-strain state are shown in figures (Fig. 3-7). One 
shows on the figure (Fig. 3) the deformation in the shell elements of the shell pipe fastening structure and of the 
rubber-wall due to internal overpressure of 1.0 МPa. The greatest deformations from action of internal pressure 
occur in the sealing shell layer of the pipe and their value is 0.0072. Warp of the bearing frame of the rubber-cord 
layer is slightly smaller and comprises 0.0065. Deformation of the outer cover layer of the rubber pipe is up to 
0.0060. 
One shows on the figure (Fig. 4) the stress in the fastening constructions elements of the shell pipe and rubber-
cord wall due to internal overpressure 1.0 MPa. The stress in the shell reaches maximum values in an area where 
there is a substantial decrease of the cord layers. In the area where the shell is in contact with the metal flange and 
fastening devices the stress is of 3 MPa. The maximum stress in the metal flange, arising from the action of 
internal pressure occurs at the narrowest part and is 37 MPa.  
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Fig. 4. Stresses in the fastening elements of the pipe shell and the 
rubber-cord wall caused with inner excess pressure action.  
 
Fig. 3. Deformations in the fastening elements of the pipe shell and 
the rubber-cord wall caused with inner excess pressure action. 
 
 
 Fig. 6. Contact pressure in the fastening elements of the 
pipe shell. 
  
The stresses in the sealing rubber layer due to the fact that, on the one hand, overpressure acts on it, and on the 
other, its displacements are limited with the shell frame structure. It results in the compression of the rubber layer 
of the sealing pipe. The stresses occurring in the sealing layer are of 1.2 MPa. Outer tube rubber coating layer 
undergoes only tensile force transmitted from the bearing frame of the shell thus causing a tension of 0.6 MPa. 
The stress appearing at the attachment fitting of the pipe is shown on the figure (Fig. 5). The biggest values of 
the stresses (about 30 MPa) are at the first row of fastening elements of the pipe shell, because they take the most 








 Fig. 5. Stresses in the fastening elements of the pipe.  





Fig. 7. Contact pressure along the pipe length. 
The contact pressure in the the shell fastening elements on the pipe elements is shown in Fig. 6. 
The contact pressure along the shell pipe length is presented in Fig. 7. The internal sealing pipe rubber layer 




Thus, as the study result of the discharge antivibration pipe stress-strain state one can draw the following 
conclusions: 
 1. The greatest strain on the action of the internal overpressure arises in the sealing layer of the pipe shell, its 
value amounts to 0.0072. Warp of the bearing frame of the rubber-cord layer is slightly less and comprises 0.0065. 
Deformation of the outer cover layer of the rubber pipe is equal to 0.0060. 
 2. The maximum stress in the metal flange arising from the action of internal pressure occurs in the narrowest 
part and is of 37 MPa. 
 3. The distribution of contact stresses on the pipe shell length (between the sealing layer and the bearing frame) 
is almost of constant value. The contact pressure between the outer rubber cover layer and a bearing frame is 
practically absent, as all internal pressure is perceived with reinforcing cord threads. 
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